T HE UNREMITTING NEED AND INcreasing demand for blood components constantly challenges blood centers to maintain a safe and adequate blood supply from a decreasing pool of eligible donors that is now estimated at only 38% of the US adult population.
1,2 Between 2001 and 2004, the National Blood Collection and Utilization Survey documented a 0.2% decrease in whole blood and apheresis red blood cell unit collections, during a time when transfusions increased by 2%, implying a diminished reserve and a greater likelihood of episodic shortages. 3 In addition, the incremental restrictions imposed on donor eligibility in recent years, such as geographic deferrals for proven or perceived risk of transfusiontransmitted malaria and bovine spongiform encephalopathy, and the introduction of additional infectious disease tests, including those for Chagas disease and West Nile virus, further diminish the number of eligible blood donors and available screened blood units. [4] [5] [6] [7] In this environment, blood centers have endeavored to recruit more eligible donors by targeting appeals to underrepresented racial groups, streamlining donor history screening, eliminating unnecessary questions, obtaining variances from US Food and Drug Administration regulations to collect blood from individuals with hereditary hemochromatosis, relaxing the upper and lower age limitations for blood donation, and advocating for state legislation to collect blood from 16-and 17-year-old high school students. [8] [9] [10] [11] In the American Red Cross system be-tween 1996 and 2005, blood collection from young donors aged 16 to 19 years increased and now accounts for 14.5% of annual donations, whereas blood donation by older individuals declined. 12 Most state regulations allow blood collection from 17-year-old donors without parental consent, although 5 states maintain this requirement. At the time of this publication, 22 states or US territories allow donation by 16-yearolds with parental consent, either through adoption of legislation or the granting of variances (Alabama, Alaska, Arizona, California, Georgia, Illinois, Iowa, Kentucky, Maine, Maryland, Michigan, Minnesota, Missouri, New York, Pennsylvania, Puerto Rico, South Carolina, Tennessee, Virginia, Virgin Islands, Washington State, and Wisconsin), and 2 states allow donation by 16-year-olds without parental consent (Kansas and Oregon). California also allows donation by 15-year-olds with written permission of a parent or guardian, plus the written authorization of a physician or surgeon. The American Red Cross requires parental consent for all 16-year-old donors, does not collect from 15-year-olds, and follows state regulations or variances applicable to parental consent for collection from 17-year-old donors.
Several blood centers have demonstrated that complications, deferrals, and first-time donation rates are highest in young donors. [13] [14] [15] [16] [17] [18] [19] Recent escalation in blood donation by 16-and 17-year-olds prompted us to analyze data from the American Red Cross hemovigilance program regarding adverse events in 16-and 17-year-olds following allogeneic whole blood donation in 9 regional American Red Cross blood centers. These data comprise an extensive experience (Ͼ 1.5 million whole blood donations in a 12-month time frame) and provide a detailed classification of the specific complications, as well as a quantitative estimate of the uncommon but medically more serious complications of blood donation in the youngest eligible blood donors.
METHODS

Data Origin and Collection
The American Red Cross hemovigilance program prospectively evaluates reports of complications and injuries, including cases referred for outside medical care, after allogeneic whole blood and automated (apheresis) collection procedures in 35 blood services regions. 19 Collection staff in all American Red Cross regions receive standardized training, follow standard collection procedures, and use common definitions to recognize, manage, and document adverse reactions following blood collection. All major reactions that occur at the collection site and any reaction reported back to the centers are reviewed by a physician serving that center's region and tracked by the American Red Cross hemovigilance program; all cases involving outside medical care are also reviewed by the national medical director of the program.
Nine American Red Cross blood services regions were selected for this analysis because each had more than 1000 allogeneic whole blood registrations from volunteer, nonremunerated donors who were 16 years old at the time of donation between January 1, 2006, and December 31, 2006. These 9 American Red Cross blood regions collected blood in 10 states or US territories (Georgia, Illinois, Iowa, Kansas, Maryland, Missouri, New York, Oregon, Washington state, and Puerto Rico), and each region required parental permission for 16-year-old donors. High school and all other drive types (eg, church, civic organization, business) were included in the analysis.
Autologous, therapeutic, and automated collections were excluded from the analysis. Other reasons for exclusion were complications experienced by whole blood donors before phlebotomy or unrelated to phlebotomy (eg, injuries caused by other incidents at the site), or donations that were miscoded as for age, sex, or reaction category (eg, 15 citrate reactions recorded after whole blood donation).
Classification Scheme for Donor Complications
The American Red Cross hemovigilance program classifies complications into definedcategories,withseverityratings(minor or major) for certain reaction types. ) hematomas include bruises or infiltration and "true" hematomas with a palpable mass. Reactions classified as "other" did not otherwise fit into established reaction categories and include such reactions as hyperventilation (minor) and chest pain (major).Allergic(minor,major)reactions were recorded in the system but are not included in the analysis because of their extreme rarity (19 total reactions); only 4 allergic reactions were classified as major (eg, shortness of breath, facial edema, severeallergicsymptoms)andalloccurred in donors older than aged 20 years.
Complications in each category were further classified depending on whether the donor received outside medical care. Outside medical care is defined as medical advice or treatment provided by someone other than American Red Cross staff and includes emergency medical personnel responding to 911 calls, visits to a primary health care physician or specialist, or interaction with any health care professional, whether further medical attention is sought independently by the donor or at the advice of American Red Cross staff.
Analysis of Complication and Return Donation Rates
Complication rates were calculated per 10 000 collections. The denominator includes the number of satisfactory and unsatisfactory (eg, quantity not sufficient) collections. There was a nonlinear rela-ADVERSE REACTIONS TO ALLOGENEIC WHOLE BLOOD DONATION IN HIGH SCHOOL DONORS tionship between donor age and overall rate of complications, such that reactions were disproportionately represented in donors younger than 20 years and fairly constant in age groups older than 20 years. Consequently, donor age groups were collapsed to specifically compare minor donors (16-and 17-year-olds) with young adults (18-and 19-year-olds) and adults (Ն20-year-olds).
The effect of a reaction on the return behavior of 16-year-old donors in the 9 American Red Cross centers was evaluated in a subanalysis by comparing cohorts of 16-year-old donors who experienced either a minor or a major complication to a randomly selected control group of 16-year-old donors who experienceduncomplicateddonations.Eligible donors with a minor or major reaction event and concordant control donors without a recorded reaction provided a donation between March 2005 and February2006.Donorsfromeachgroupwere then followed for 365 days for a subsequentpresentationevent,includingthose that may have led to deferral.
Complication rates in donor groups stratified for age, donation status (firsttime vs repeat donation to the American Red Cross), and sex were compared by calculating the 95% confidence intervals (CIs) for the proportion or by calculating odds ratios (ORs) and 95% CIs (Instat by Graphpad Inc, San Diego, California). Multivariate, stepwise logistic regression analyses were performed using SAS STAT statistical software version 8.2 (SAS Institute Inc, Cary, North Carolina). The regression analyses evaluated the independent variables (donor age, sex, donation status, drive type, region) and the dependent outcome (any complication excluding small hematoma and presyncope). A stepwise selection method was used to determine which effects entered the logistic regression model and also which effects remained in the model. A significance level of Յ.05 was necessary for an effect to enter into the model and a significance level of Յ.05 was necessary for an effect to remain in the model at any iteration step.
Informed consent was obtained from all donors at the time of whole blood collection, and parental permission for donation was obtained for all 16-yearold donors and for 17-year-old donors if required by state law. The American Red Cross institutional review board determined that the research satisfied criteria for exemption.
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RESULTS
Donations
During the study period, the 9 American Red Cross blood centers performed 44 305 and 101 373 whole blood collections from 16-and 17-yearold donors, respectively, along with 113 307 collections from 18-and 19-year-olds, and 1 517 460 from donors aged 20 years and older. As a percentage of donations, 16-and 17-year-olds provided 8.2% of donations (2.5% from 16-year-olds; 5.7% from 17-yearolds) within the 9 centers under study, and 7.5% (450 317 of 6 014 472 collections) over the entire American Red Cross system. Among the 9 centers, the contribution that 16-and 17-year-old donors made to the total collections in a region varied from 4.2% to 11.2%. The overall proportion of female donors ranged from 35% to 53%; and the overall proportion of first-time donations ranged from 12% to 29%. Eighty percent of collections from 16-and 17-year-old donors in the 9 American Red Cross regions occurred at high schools, 14% at civic/community drives, 3% at churches, and 3% at other or nonspecified drive types.
Complications
In 2006, the 9 American Red Cross regions recorded 67 978 complications after whole blood donation in all reaction categories, for an overall rate of 382.7 per 10 000 or 3.8% of all collections. Complications outside medical care, and phlebotomyrelated complications accounted for the remainder. The most common reason for outside medical care was syncoperelated injury, especially in donors aged 16 to 19 years. Thirty-two 16-and 17-year-old donors received outside medical care after syncope-related falls: 25 with head injuries (eg, contusion, concussion, laceration); 3 with facial lacerations requiring sutures; 3 with dental injuries; and 1 with a broken jaw. Twenty-two of 32 injured donors (69%) who received outside medical care weighed 59 kg or more; only 4 of 32 (12.5%) weighed less than 54 kg. The injuries to young donors usually occurred soon after donation in the canteen area (17 events; 53%); in the restroom (5 events; 16%); or in another area of the school (9 events; 28%); and 1 event occurred outside the school (3%). 
Return Behavior
COMMENT
Blood centers have a dual responsibility to provide an adequate supply of blood components to the communities they serve and to protect the safety of their volunteer donors. With the increasing collection of whole blood from minors aged 16 and 17 years in recent years, we sought to describe and quantify the adverse reactions experienced by these donors compared with 18-and 19-yearolds, and compared with adults aged 20 years and older. This analysis demonstrates that most donors in all age groups had uncomplicated donations, but young age had the strongest association with complications followed by first-time donation status and female sex; there was also some variation between regional blood centers.
The most common systemic and phlebotomy-related complications of blood donation (ie, presyncope, small hematoma), although uncomfortable for the donor, are medically inconsequential. The significance of these minor complications, however, lies primarily in the observation that any complication, even a minor one, reduces the likelihood of return donation, as does any temporary deferral for other reasons. 21 In addition, minor complications may be an indirect measure of more serious complications, although this is difficult to assess because of infrequent occurrence. Although the absolute differences in complication rates between the age groups are relatively small in this study, they are statistically significant and remain a potential medical concern: the risk of syncope-related injury was 2.5 times more likely in 16-and 17-yearold donors (5.9/10 000) compared with 18-and 19-year-olds (2.4 injuries/ 10 000 donations),and 14 times more likely compared with donors aged 20 years or older (0.4 injuries/10 000 do- Abbreviations: CI, confidence interval; OR, odds ratio. a Total systemic (syncopal-type) complications include presyncope, short loss of consciousness, long loss of consciousness, loss of consciousness with injury, and prolonged recovery. b The total does include 6 first-time donations, 4 repeat donations, and 1 event of prefaint reaction for which donor sex was not reported. nations). Almost half of all injuries recorded by the collection staff in the 9 American Red Cross regions occurred in 16-and 17-year-old donors; and many (eg, concussion, laceration requiring stitches, dental injuries, broken jaw) were severe enough to require outside medical care. Finally, there is a strong correlation between even minor complications and the failure to return to donate blood again among 16-year-olds. Consequently, any negative experience diminishes the likelihood of return blood donation, and increases the possibility that a short-term yield in donations incurs the ultimate expense of deterring future blood donation by young donors.
These findings are particularly pertinent at a time when blood centers are becoming increasingly reliant on young donors to maintain an adequate blood supply. Zou et al describe increasing recruitment of first-time donors in the 16-to 19-year-old age groups and declining rates of blood donation in older age groups. 12 The pressing need to expand the donor pool raises the inherent dilemma of putting minor-age donors at any degree of risk and the difficulty in defining a level of risk that may be reasonably tolerated. The recruitment of minors for blood donation provides a measurable benefit to the national blood supply in terms of both safety and availability. Young donors have lower prevalence and incidence of transfusion-transmitted infectious diseases compared with older donors, 22 and 16-and 17-year-old donors contribute a significant proportion (approximately 8%) of the units collected by the American Red Cross. If the practice of collecting blood from 16-year-olds was extended nationwide, others have estimated that an additional 200 000 additional units could be added to the nearly 15 million units collected annually in the United States.
11
Complication rates after allogeneic whole blood donation are known to be higher in young and first-time donors, and our results confirm and extend these observations to the youngest eligible donor group. [13] [14] [15] [16] [17] [18] [19] The mechanisms responsible for the increased susceptibility to systemic (syncopaltype) complications following blood donation in young donors, however, are not clearly defined. Central thalamic pathways and peripheral and ventricular baroreceptor sensitivity may play a central role, and the age-dependent differences in responses to physical and emotional stress may underlie the observed differences in young donors compared with older donors. 23, 24 A psychological component to the propensity for reactions among young anxious donors has also been described, and the phenomenon of "epidemic fainting" or clusters of reactions among donors who witness a reaction at a blood drive is widely recognized although poorly studied. 25 In the cur- rent analysis, however, drive setting (high school vs other) was not an independent predictor of complications, which suggests that the drive environment does not contribute to the differences observed between age groups. We recognize the limitations of the current analysis, which did not evaluate the relative contribution of some previously described donor characteristics to the risk of complications after whole blood donation, such as low weight or white race. 8, 17, 18, 26, 27 However, our data show that low-weight donors (Ͻ59 kg) are not overrepresented in the cohort of more serious donation-related complications that received outside medical care. Another potential limitation is that the cases associated with outside medical care may be subject to reporting or treatment bias among 16-and 17-year-olds if their parents are more likely to be involved in the decision to seek medical assistance or if collection staff are more attentive to young donors. The increased occurrence of minor phlebotomy-related complications (eg, small hematomas) in the youngest donors suggests that reporting bias may exist because there is no physiologic basis or expectation that hematomas or bruises are more likely to occur in healthy 16-and 17-year-old donors compared with adults. Suspected arterial puncture, however, demonstrated a more significant increase among young (16-to 19-year-old) donors compared with adults, and has been previously postulated to reflect predisposing anatomical conditions in the younger donors.
28,29 While we cannot control for increased staff or parental attention and possible reporting bias on high school drives, we have no evidence that collection staff are more likely to report syncope-related injuries on high school drives than on other drive types.
Other blood centers use different classification schemes and have reported similar trends in the rates of mild, moderate, and severe complications among young donors. [13] [14] [15] [16] [17] [18] 30 Direct comparison of blood centers, however, is not possible because of subjective differences in defining, recognizing, and reporting donor complications, as well as possible differences in donor demographics that contribute to variation in complication rates. Even within the American Red Cross, variability was seen in the reported donor complication rates among the 9 American Red Cross regions, and those that collected from more donors generally had lower complication rates than the smaller regions. We have not identified correlates of lower complication rates related to different practices among the regions, and these differences may instead be related to donor demographics and any combination of staff experience, attention, or reporting bias and are the focus of further study.
Several interventions (eg, having the donor drink 16 oz water shortly before donation, or using applied muscle tension, distraction, or behavior modification) have been demonstrated to marginally reduce donor complication rates, [31] [32] [33] but no single measure has been shown to prevent a majority of systemic reactions or to prevent the rare but more serious complications, such as syncope-related injury after whole blood donation. Reducing the relative proportion of blood loss by requiring a higher donor weight or by reducing the collection volume have also been proposed as safety measures. However, we show that over two-thirds (69%) of the injuries that required outside medical care in this cohort occurred in donors weighing more than 59 kg, and others have presented data suggesting that a switch to a larger collection set (500 mL vs 450 mL) had no effect on complication rates. 34, 35 Consequently, these data suggest that increasing the weight requirement or decreasing the collection volume would have marginal benefit, limited to a small subset of donors, and would have little effect on the incidence of more serious complications. Alternatively, the possibility that automated collection procedures with concurrent intravascular fluid replacement may reduce the incidence of severe complications is being further explored.
Conclusions
The current analysis demonstrates a significantly increased risk of minor and major complications of allogeneic whole blood donation by 16-and 17-year-old individuals compared with older donors that extends to an increased risk of syncope-related physical injury and complications requiring outside medical care. Although the absolute magnitudes of the differences between the age groups are relatively small, the differences are statistically significant; young age is the strongest correlate of major complications and 16-and 17-year-old donors accounted for almost half of the syncope-related injuries in this series.
These data on common and infrequent complications of blood donation should be considered when age limits are deliberated by state authorities. The relatively comparable reaction rates in 16-and 17-year-old donors, and their increased complication rates compared with young adults and adults, suggest the need for a consistent approach. Blood centers have an obligation to constantly monitor risks of blood donation and to make a concerted and committed effort to achieve the lowest possible rate of complications. Although zero risk may not be attainable even in adults, the rate of complications in minors calls for ongoing attention to a sustained operational effort that is continually focused on donation safety.
